Interactions between health, behaviour and individual differences such as; mood, affect or personality have been studied more in humans than they have in non-human animals. In humans, links can be made between personality and the expression of health problems, and between personality, affect, coping, treatment and recovery success. Previous research with animals has shown that personality and mood interact to determine judgement bias and that personality interacts with stress responses and pain expression. This indicates that the way animals deal with life events is dependent on interactions between personality and mood and that pain behaviours observed in animals are not always reflective of disease severity. As such, reliance only on behavioural displays of pain in health assessments, without information on what may mediate or moderate that behaviour makes accurate treatment difficult.
Introduction
The associations between health problems such as coronary heart disease (Jerram & Coleman, 1999) or fibromyalgia, personality and behaviour have been frequently studied in the human literature as has the presence of physical illnesses and the co-occurrence of mental health problems (Admunson and Katz, 2009 ), such as depression in cancer patients (Bodurka-Bevers et al, 2000) . However, the causative direction of such associations, and the possible mechanisms underlying them are unclear (Deary et al, 2010) . Despite this, research has suggested that in humans, personality, affect and mood can all have both mediating and moderating effects on an individual's health.
Chronic health problems are considered to cause prolonged stress for an animal, resulting in the need for that individual to adapt (Martini et al, 2000; Lindley, 2011; Munro et al, 2012) .
Adaptation can be physiological such as altered neuroendocrine and autonomic nervous system (ANS) functioning, or psychological, such as changes in behaviour and emotional state (Martini et al, 2000) . Adaptation requires substantial amounts of energy, and can be at the expense of other biological functions, such as growth and reproduction (Mariti et al., 2012) . As such it is reasonable to suggest that prolonged health conditions constitute a stressor and significantly impact the welfare of an individual animal.
In addition, internal factors, such as personality and mood, are thought to impact how individuals respond to life events (Briefer et al., 2015 , Asher et al, 2016 . However, little research has been undertaken in non-human animals to directly investigate the interrelationship between personality and health or to determine the effect health conditions have on the affective state of an animal. Capitano et al (1999) demonstrated that personality can have a protective effect during compromised health, for example, rhesus macaques (Macaca mulatta) with higher levels of sociability less likely to develop simian immunodeficiency virus (SIV) than those with lower levels of sociability. Furthermore, in infant rats, higher levels of the stable behaviour trait of neophobia were found to predict higher adult corticosterone levels and earlier death (Cavigelli & McClintock, 2003) , demonstrating a link between personality (as assessed by level of neophobia), health parameters and life span. Whilst Neave et al (2013) found that pain resulted in a negative change in emotional state in dairy calves who had undergone disbudding (Neave et al, 2013) , no longitudinal studies exist to determine whether chronic pain has a lasting impact on affective state, including mood, in animals.
Furthermore, unrelated to health Asher et al (2016) demonstrated that, as we see with humans, in pigs, personality and mood interact to determine judgements. This may suggest that negative changes in affective state that can result from stressful or painful situations may be mediated by stable personality traits. However, only one study to date has focused on the impact of individual differences, such as personality on the experience and expression of pain in animals (Ijichi et al, 2014) .
Pain is a key component of many disease processes in animals with implications for quality of life and welfare. Pain can be defined as an emotional and sensory experience that is associated with actual and/or potential tissue damage (International Association of the Study of Pain, IASP).
Therefore, pain goes beyond physical sensation, instead comprising a sensory element (location, intensity), an affective element (emotional response) and a cognitive element (appraisal of pain and the consequences on QOL) (Merola and Mills, 2015) . It is also challenging to assess in animals (Merola & Mills, 2015) , as it relies on human interpretation of behaviour, and pain behaviours will differ both within and between species. Whilst vets, owners and academics alike are reliant on the assumption that observable signs of pain are indicative of not only the presence of pain but also of the severity of the condition, the study by Ijichi et al (2014) challenged the reliability of this assumption .
They assessed the impact personality had on pain expression in horses in relation to the severity of their disease, demonstrating that more extrovert horses display more overt behavioural expressions of pain, regardless of disease severity (Ijichi et al., 2014) . Therefore, a more detailed understanding of the relationships between individual differences such as mood and personality and pain is needed to enable our assessments of pain in individuals to be undertaken more accurately.
In this study, we focus on associations between health and emotional affect in dogs. Dogs are one of the most popular domestic animals to be kept as pets worldwide, (PFMA, 2016) . Many of these may suffer from painful conditions. In a study by O'Neill et al (2014) from a sample of 3,884 dogs the most common diagnosis-level disorders were, otitis externa (369, 10.2%), periodontal disease (361, 9.3%) and impacted anal sac (277, 7.1%), all of which have the potential to be painful conditions. Furthermore, musculoskeletal disorders were the 3 rd most prevalent mid-level diagnoses with 457 (11.8%) of the sample being diagnosed (O'Neill et al. 2014) .
When assessing health problems in dogs, veterinarians are dependent upon clinical findings, behavioural observations and owner reports. Yet with some conditions, such as hip dysplasia, we know that clinical findings do not necessarily correlate with observed behaviours and therefore may not be a reliable indication on their own of the presence of disease, severity, progression or improvement (Ginja et al., 2009) . Furthermore, signs of chronic illness or pain can be subtle and require an understanding of a dog's behaviour over time which means that owners are often considered to be the most reliable source of information (Wiseman et al, 2001; Mariti et al, 2012) .
However, this relies on the assumption that owners recognise behaviours that are related to pain or suboptimal health, rather than ascribing them to characteristic of their dog, as has been shown in the case of owner assessment of breathing problems in brachycephalic dog breeds (Packer et al., 2012) .
Owners may find it easier to recognise sudden changes in behaviour, for example owners often report changes in aggression (Camps et al, 2012) , demeanour, "submissiveness", fearfulness, locomotion, and social behaviour when their dog is experiencing a painful condition (Wiseman et al., 2001 ).
However, factors such as training, mood and dog personality could potentially mask pain behaviours, making it difficult to quantify the level of pain with any accuracy.
Despite the large number of studies investigating individual differences such as affectivity (Sheppard & Mills, 2002) and personality or temperament in dogs (Gartner, 2015) , no previous research has looked at the impact individual personality or emotional traits have on a dog's health and behaviour or at whether pain negatively impacts affective state in dogs. Therefore, the aim of this study was to determine whether dogs with different experiences of health conditions (current, previous, no experience) could be differentiated by their levels of positive and negative affect. We hypothesised that dogs with different experiences of non-painful general health conditions would not differ in their emotional affect, but that when specific health conditions known to cause pain were examined, a difference in affect would be evident. We expected dogs with current experience of a painful condition would have lower levels of positive affect. We expected to see a difference in positive affect rather than negative affect as across the human literature positive affect seems to be more sensitive to change than negative affect (Bair et al, 2003) . We also hypothesised that there would be an interaction between aggression, affect and owner reports of painful health conditions.
Materials and methods

Ethical approval
This study received ethical approval from the University of Lincoln Ethics Committee with the approval ID COSREC168.
Study Design
A cross-sectional study design was used where a voluntary opportunity sample of dog owners (targeted based on their status as a dog owner) provided information about their dog's health and behaviour. Data were collected between 2014 and 2015. Dogs were not excluded based on their health status.
Survey
A survey was designed to collect data about the health conditions experienced by pet dogs (see Appendix: Supplementary material). The online survey had four sections (A-D): demographic information, medical information, behavioural information and information on dog affectivity.
Section A contained three questions to collect information on the breed, age and sex/neuter status of each dog. Respondents were provided with a drop-down box with a list of purebred breeds, and a free-text box was also provided for owners of cross breed dogs.
Section B contained 29 general health conditions including conditions known to cause pain.
Respondents were given the options of 'yes-treated/resolved' for dogs who had had the medical condition previously, 'yes-ongoing' for those currently suffering from the condition, or had been for a prolonged period; and 'N/a' for the respondents whose dog had never suffered from the condition.
Specific health conditions were chosen based on expert opinion of frequency by veterinary clinicians.
The clinical experts (DM, HZ) were both professionally recognised veterinary behaviour specialists.
Section C aimed to collect information on behaviours displayed by the dogs; owners were given a list of 22 behaviours and asked to rate how often their dog displayed that behaviour (never, rarely, sometimes, often, very often and all of the time). These behaviours were chosen (by HZ and DM) based upon literature searches for common problem behaviours in dogs. Aggression scores were calculated utilising the questions regarding the dog's frequency of aggression towards: known dogs, strange dogs, known humans and strange humans. For each of these categories a score of between zero and five was possible by assigning a numerical value to the available responses (never=0; rarely=1; sometimes=2; often=3; very often=4; all the time=5). The category scores were summed to give a total aggression score ranging between zero and 20.
Section D contained the positive and negative activation scale (PANAS),a questionnaire designed to assess affectivity in dogs and developed using behavioural traits with a clear psychobiological basis relating to sensitivity to rewards and aversives, in a range of environmental contexts (Sheppard and Mills, 2002 
Survey Dissemination
The survey was accessible online, disseminated via social media and dog interest groups.
Participation was voluntary. Respondents needed to own or care for a dog that had lived with them continuously for at least two months, so that respondents would have seen their dog's behaviour in a wide variety of contexts (Poulsen et al, 2010) .
Subjects
943 respondents filled out the online survey. Of these, 146 responses were excluded due to missing data, leaving 796 responses for the final analysis. Of 796 dogs, 120 had experience of a current painful condition as defined by the list provided in section B; 62 had experience of a previous painful condition (but no current painful condition); and 614 had no experience of a painful condition.
The age of the dogs was as follows (Age category (AC): AC 1= 6 months -2 years; AC 2= 2 -6 years; AC 3= ≥ 6 years) ( Table 1) .
Statistical analyses
PANAS data was assessed with principal component analysis (PCA) to determine whether it would replicate the original structure reported in Sheppard & Mills (2002) . PCA demonstrated that with the exceptions of questions 9 and 18, the structure was upheld and the data split as expected into the two components of Negative Affect (NA) and Positive Affect (PA). Therefore, questions 9 (relating to garden escape behaviour), and 18 (relating to the use of verbal reprimands) were dropped from the analysis, as their reliability may have changed since the instrument's original development due to changes in dog management and culture in the UK in this time. A score of NA and PA was computed for each dog without the scores for these questions (appendix 1: PANAS scoring).
An initial correlation matrix was created to look at the relationships between all pairs of variables (e.g. behaviours included in section C of the survey, PA, NA, age and aggression scores). Those that were significantly correlated (P<0.05) were included in the regression models. The 29 health conditions specified in the online survey were divided into five broad categories based on system affected: upper gastrointestinal tract (UGI), lower gastrointestinal tract (LGI), musculoskeletal (MSK), dental/vision/hearing (DVH); and endocrine. Endocrine disorders were excluded from subsequent analysis due to small sample size and diversity of effects.
To investigate the interrelationship between the occurrence of painful health conditions and affect, a pain category was created. The conditions analysed as likely to have caused pain and the percentage of dogs among whom the conditions were reported were as follows; hip problems (15%), arthritis (13%), dental problems (12%), colitis (11%), bladder problems (10%), anal sac disease (9%), knee problems (9%), spinal problems (8%), cancer (7%) and elbow problems (7%).
A series of backwards (conditional P<0.05) binomial logistic regression models were conducted. Regression models for general health conditions (upper gastrointestinal tract, lower gastrointestinal tract, musculoskeletal and dental/vision/hearing) included either current vs no experience OR previous vs no experience as the dependent variables and each of the independent variables (negative affect, positive affect, age and aggression) as the predictors. Regression models for pain included either current vs no experience OR previous vs no experience as the dependent variables, independent variables were: negative affect score, positive affect score, aggression score and age. Kruskal-Wallis tests were used to compare aggression scores between the pain-causing condition groups (current, previous and none) and Mann-Whitney U tests in post-hoc analysis to determine which groups were different.
All analyses were conducted using SPSS version 22.
Results
Risk factors for health problems and pain experience
Positive affect
Across the three pain experience groups (current, previous and none) there was a significant difference in positive affect scores (PA) (Kruskal Wallis: X 2 =21.96, P<0.01, df=2). Furthermore, as PA scores increased the odds of having a previous dental, vision and/or hearing problem (DVH) also increased ( Table 2 ). Higher PA scores were associated with lower odds of being in the current pain group (Table 3) .
Negative affect
No significant difference in negative affect scores was observed across the pain experience groups (current, previous and none). However, increased negative affect increased the odds of having a previous DVH problem (Table 2) .
Aggression
Total aggression scores were combined from ordinal data as described in section C, and in the current sample ranged from 4 (lowest overall frequency of aggression) to 20 (highest overall frequency of aggression) out of the possible range of 0-20. There was no significant difference in aggression scores between individuals in each of the three pain experience groups (current, previous, none) (Kruskal Wallis: X 2 =5.126, P>0.05, df=2) or between dogs with current or previous pain experience (Mann-Whitney U (df=1)=3613, P>0.05). Furthermore, increased aggression scores were associated with increased odds of current UGI conditions (Table 4) .
Age
Older age was a risk factor for the experience of previous pain and general health conditions.
Binomial regression analysis showed that there is an association between current experience of a typically pain-causing condition and age. As age increased, the odds of being assigned to the current pain group also increased (Table 3) . Furthermore, only age was predictive of a dog's previous experience of a potentially pain-causing condition, with older dogs having an increased likelihood of having previous experience of a pain-causing condition (Table 5) .
Increased age was also associated with increased odds of that dog having a previous UGI problems (Table 6) , current UGI problems (Table 4) , previous DVH problems (Table 2) , current DVH problems (Table 7) and current MSK conditions (Table 8. ). For previous MSK problems, as age decreased so did the odd likelihood of that dog having experienced previous MSK conditions (Table 9 ).
Discussion
The focus of this study was to investigate the hypothesis that health status is associated with affective predisposition in dogs. The results describe a relationship between a measure of positive and negative affect and the occurrence of a current health condition likely to cause pain. Specifically, higher scores on the domain of positive affect (PA) indicate a lower likelihood that an individual was currently suffering with a painful health condition, such as arthritis or cancer. Therefore, dogs with current painful conditions had lower levels of positive affect. These results support the hypotheses that dogs currently suffering from a condition likely to cause pain would differ in affect to those with previous experience or no experience of a health condition likely to cause pain. As expected, age was also a positive predictor for current pain experience.
The associations found between positive affect and current experience of a pain-causing condition have not, to our knowledge, previously been reported. These findings may demonstrate either an influence of emotional affect on the expression of pain and/or it changes in mood because of pain; both of which have important clinical significance. This adds weight to the results of a preliminary study by Wiseman et al (2001) which showed that owners felt their dog's demeanour changes in response to pain. Changes to their dog's fearfulness, excitability, aggressiveness, playfulness, curiosity, anxiety, vocalisations and activity were reported (Wiseman et al., 2001 ), however our results shed light, for the first time, on longer term effects and their relationship with more stable traits, where the effect seems to be more clearly related to positive affect which is in line with the relationship described in people between painful conditions and depression (Bair et al., 2003) . Furthermore, research by Goncalves et al (2008) also demonstrated that prolonged pain can cause depressive-like behaviours in rats. Alternatively, if our results indicate that dogs with lower PA are more likely to be diagnosed with painful conditions, it may be that trait emotional affect mediates pain behaviour and the clinical implications of this need to be considered. Asher at al. (2017) demonstrated that in pigs, stable personality traits and more transient mood states interacted to determine judgement bias, further supporting the assertion that to better understand our findings research is needed to determine the causal relationship between measures of more enduring affective state (mood and personality). To determine this, it is vital to undertake longitudinal studies which make comparisons of PANAS scores between pain-or disease-free periods and at times when the dog is experiencing pain. This would allow it to be determined whether, for example, dogs with a certain personality or affectivity style may express and cope with painful conditions by altering their movement and thus present as lame, making pain easier to diagnose, or whether dogs with certain personality traits are more susceptible to mood changes during painful episodes. Considering the research by Ijichi et al (2014) that demonstrated the relationship between pain behaviour and personality in horses, this may not only be relevant in dogs, but may also have cross-species application.
Contrary to the hypothesis that aggression scores would be related to pain experience, the survey found no difference in aggression scores amongst pain groups (current vs no pain experience or previous vs no pain experience). It has previously been documented that aggressive behaviour can increase or occur in different contexts when a dog is experiencing pain (Wiseman et al, 2001; Camps et al, 2012) . The finding of no difference between the current and historic pain group in aggression scores means that this hypothesis may need more careful evaluation, and it may be that differences in aggressive behaviour are more qualitative than quantitative (Barcelos et al. 2015) . Such changes may not have been detected in this study due to the design of this aspect of the current questionnaire.
One of the wider limitations of this research is that we had no direct measure of the presence or extent of pain experienced by the dogs, therefore, whilst we believe the conditions analysed would be very likely to cause pain, this could not be confirmed. However, this would simply increase the variance between groups and reduce effect size, therefore these findings should be considered a conservative estimate of the effects. With the exception of DVH category, the only difference observed was in affectivity scores between those dogs who had current experience of a condition likely to cause pain, not in those with current general health conditions (unlikely to cause pain, which suggests that something about those specific conditions (arthritis, cancer, hip dysplasia, dental problems etc.) is affecting emotional affect. Pain appears the most parsimonious explanation. As well as the explanation that pain affects a dog's mood (or how owners view their dog's mood) alternative explanations need to be examined in future research, for example the longitudinal studies previously discussed.
Conclusion
The findings from this study are amongst the first to demonstrate an association between current pain experience and lower levels of positive emotional affect in animals, and the first in the domestic dog. This research demonstrates the need for future work to focus on the causal relationship between pain expression, affect/mood and behaviour in dogs, alongside the potential for an interaction between personality and mood. Furthermore, aside from the benefits to dogs as a species, these results have cross-species relevance. Pain is a common sign of many illnesses across species and whilst it should be acknowledged that pain behaviours will differ between species, these findings highlight the importance of recognising the influence that individual differences, such as those grounded in affect, can have on behaviour.
Conflict of interest statement
None of the authors of this paper have a financial or personal relationship with other people or organisations that could inappropriately influence or bias the content of the paper. 
7.
